Abstract Encapsulation is a technique used in foods that may protect some compounds with sensory impact, in particular flavoring as liquid smoke. We used the dripping method, obtaining two different layers for encapsulation of liquid smoke: calcium alginate and calcium alginate-chitosan. The results show that the load capacity of liquid smoke encapsulation reached values above 96 %. The beads exhibit syneresis at room temperature, but in opposite side, refrigeration temperature stabilizes the hydrogel of beads, allowing the samples loss weight less than 3 % after 72 h. Heated capsules with liquid smoke released several volatile compounds in the headspace and may identify 66 compounds. Among these volatile compounds, phenols derivatives can be considered sensory descriptors to contribute to the specific flavor of smoke. We conclude that the dripping method is highly efficient to encapsulate liquid smoke and released several volatile compounds, although it is necessary to minimize syneresis at room temperature.
Introduction
Smoke flavorings have several advantages compared to traditional smoking techniques: ease of application, speed, uniformity of the product, reproducibility of the characteristics obtained in the final smoked food, cleanliness of application and a decrease of the content of certain polycyclic aromatic hydrocarbons (Simon et al. 2005) .
Flavor, as smoke flavorings, plays an important role in consumer satisfaction and influences further consumption of foods. However, manufacturing and storage processes, packaging materials and ingredients in foods often cause modifications in overall flavor by reducing aroma compound intensity or producing off-flavor components. Therefore, to limit aroma degradation or loss during processing and storage, it is beneficial to encapsulate volatile ingredients prior to use in foods or beverages (Madene et al. 2006) .
Encapsulation may be defined as a process to entrap one substance within another substance, thereby producing particles with diameters of a few nm to a few mm. Some benefits of encapsulated ingredients in the food industry could be: superior handling of the active agent, immobility of active agent in food processing systems, improved stability in final product and during processing (i.e., less evaporation of volatile active agent and/or no degradation or reaction with other components in the food product such as oxygen or water), offtaste masking, controlled release (differentiation, release by the right stimulus) (Zuidam and Shimoni 2010) . The smoke flavor is a sensory characteristic sought in some foods such as seafood and some meat products, currently achieved with conventional smoking or with the addition of liquid smoke (Montazeri et al. 2013) . Liquid smoke encapsulating would give the desired smoke flavor with the advantages already mention that gives a flavor encapsulation.
Flavor encapsulation could be accomplished by a variety of methods. The two majors industrial processes are spray-drying and dripping (Madene et al. 2006) . Encapsulation of flavors via dripping in glassy carbohydrate matrices has been used for volatile and unstable flavors. The principal advantage of the dripping method is the stability of the flavor against oxidation. Carbohydrate matrices have very good barrier properties and dripping is a convenient process enabling the encapsulation of flavors (Gouin 2004) .
In this study, calcium alginate gel was employed as the matrix for flavor encapsulation. Alginate has been approved as a coating material by the US Food and Drug Administration and European Food Safety Authority. One of the major advantages of flavor encapsulation in alginate beads is that the encapsulation does not adversely affect the release of the flavor during consumption of the product. The beads provide a sustained release of the flavor to the product during storage and prior to consumption (De Roos 2006) .
An additional encapsulating agent used in this study was chitosan. Chitosan, obtained from crab exoesquelets, has several polar groups such as -OH and -NH 2 which can act as electron donors. Whereas alginates have been largely employed in drug delivery systems, there is increased interest in studying chitosan for its biological applications due to its mucous adhesiveness, no toxicity, biocompatibility and biodegradability (Sinha and Kumria 2001) . Chitosan and alginate can react together by coacervation due to their opposite charges. The easy solubility of chitosan at low pH is prevented by the alginate network since alginate is insoluble at low pH conditions. The possible dissolution of alginate at higher pH is prevented by the chitosan which is stable at higher pH ranges (George and Abraham 2006) . Alginate-chitosan capsules have been proposed to encapsulate natural antioxidants from yerba mate (Deladino et al. 2008) and some micronutrients such as ferrous fumarate, ascorbic acid and β-carotene (Han et al. 2008) .
Thus, the objectives of this work were to encapsulate liquid smoke in calcium alginate beads, with and without a chitosan layer; to analyze the loading capacity, the syneresis process at ambient conditions, the stability of samples at refrigeration (4°C), and the aromatic profiles of beads.
Materials and methods

Encapsulating agents
The encapsulating agents used were 1 % (w/v) sodium alginate (Sigma-Aldrich, USA, mannuronic acid to guluronic acid ratio 1.56, medium viscosity), and chitosan 1 % (w/v) in acetic acid (Sigma-Aldrich, USA, deacetylation degree higher than 75 %, density: 0.15-0.3 g/cm 3 ).
Capsules formation
Capsules formation was carried out according to the dripping method of Deladino et al. (Deladino et al. 2008) , with slight modifications. Beads were obtained by mixing mechanically the active component (commercial water-soluble liquid smoke, 1 % w/v) with the sodium alginate, forming a stable solution. Once homogenized, the alginate-liquid smoke solution was pumped with a peristaltic pump (Masteflex, model 7521-10, Barrington, Illinois, USA) at 0 60 cm 3 /min to a calcium chloride solution (0.05 M, Merck, Darmstadt, Germany). The beads formed in this process were maintained in the gelling bath to harden for 15 min. Then, they were filtered through a Whatman #1 paper and washed with buffer solution (acetic/acetate, pH 5.5). The beads, once filtered and washed, were allowed to stabilize (remove excess surface moisture) at ambient conditions (approx. 22°C and 65 % relative humidity) for 15 min. Finally, a portion of the beads was immersed in a chitosan solution for 30 min to analyze the effect of an additional layer formed by complex coacervation alginate-chitosan. As a summary, four types of capsules were prepared: capsules of ca-alginate, ca-alginate beads with liquid smoke, ca-alginate-chitosan capsules and ca-alginatechitosan beads with liquid smoke.
Beads characterization
Loading capacity of beads with the active component was determined gravimetrically according to the indirect method of Chang and Dobashi (Chang and Dobashi 2003) and Jiamrungraksa and Charuchinda (Jiamrungraksa and Charuchinda 2010) , drying the beads in an oven at 120°C for 2 h. The percentage of loading efficiency was calculated with the following equation:
Where W m0 and W 0 denote the weight of beads measured before, and after complete evaporation of active component, respectively.
The weight loss (by syneresis or drying) of beads was determined at ambient conditions (approx. 22°C) and at refrigeration (4°C in a refrigerator) by weight difference (gravimetrically) for 72 h, respectively. All measurements were repeated at least in triplicate on bead samples from the same prepared batch.
Instrumental aromatic profiles of the samples About 3 g of alginate and alginate-chitosan beads in triplicate, both with liquid smoke, were introduced separately into vials with screw cap and PTFE silicone septum (Supelco, Bellefonte, PA, USA) with 10 ml of physiological saline solution (1 % w/v NaCl). The samples were heated in a thermo block (Equilab 2050-ICE, Paris, France) during 60 min at 30°C to equilibrate the headspace for to reach equilibrium. Instrumental aromatic profiles of the samples were obtained from the aromas to be released in the headspaces of the tubes, by the technique of solid phase microextraction (SPME) where the volatiles were adsorbed by the fiber Carboxen/Polydimethylsiloxane (Car/PDMS) and were subsequently released into the injection port of gas chromatograph Shimadzu GC-17 series equipped with a mass selective detector GCMS QP5050A Shimadzu (Tokyo, Japan) for the corresponding separation, identification and analysis (Gianelli et al. 2002 (Gianelli et al. , 2003 . The fiber was exposed for 5 min in a normal position open purge valve (splitless mode) for complete desorption at 230°C, after the time required SPME device was removed. Separated compounds using helium gas linear velocity of 28.3 cm s -1 in a capillary column DB-624 of 60 m in length, 0.25 mm inside and 1.4 μm of film (J & W Scientific; 60 m, 0.32 mm ID 1.8 μm, Folsom, USA). For the separation of the compounds was used with onset temperature program of 13 min at 38°C. It was noted during this time the rise in temperature to 180°C at 8°C/min was performed also a second rise of 21.25 min until a maximum temperature of 230°C at 4°C/min. The time required for this experimental phase required 52 min (Gianelli et al. 2009 ).
Statistical analysis
Statistical analysis of data were performed through analysis of variance (ANOVA) using Statgraphics Centurion XVI Software. Differences among mean values were established by the least significant difference (LSD) at 5 %.
Results and discussion
Beads characterization
The diameter of capsules formed with ca-alginate and caalginate-chitosan (with and without liquid smoke) was approximately 4 mm (visual observation). Comparing with other studies that encapsulated flavors as vainilline ethyl (Manojlovic et al. 2008) or volatile tea-tree oil (Yeh et al. 2011) , the size of ca-alginate capsules obtained was greater, due to the absence of factors as a small diameter syringe and/or high voltage which allows to decrease significantly the diameter of the capsules.
Capsules whit liquid smoke showed a high load capacity, 96.57±0.02 and 98.11±0.0 for ca-alginate and ca-alginatechitosan, respectively; similarly, Deladino et al. (Deladino et al. 2008 ) obtained values higher than 85 % in ca-alginate loaded capsules with antioxidant extracts of yerba mate. Similar results were obtained by Bajpai and Tankhiwale (Bajpai and Tankhiwale 2006) . However, these authors reported an important loss of active compound during immersion of capsules in chitosan, effect no observed in this study. The high efficiency of liquid smoke encapsulation in ca-alginate and ca-alginate-chitosan could be attributed to the water-soluble characteristic and low concentration of commercial liquid smoke used.
Syneresis is commonly seen in many biopolymer gel systems as ca-alginate gels and macroscopically is detected as a release of water from the gel (Donati and Paoletti 2009) . The gel retains water through hydrogen bonds, but if the gel network contracts, some water will be squeezed out by diffusion (Helgerud et al. 2010) . As observed, Fig. 1a Fig. 1 Syneresis (%) of beads over time at room temperature (a), and Weight loss (%) of beads over time at refrigeration temperature (b). Each observation is a mean ± standard deviation of at least triplicate experiments. Letters represent a least significant difference (LSD) test. Ca-alginate: calcium-alginate; ca-alginate, liquid smoke: calciumalginate with liquid smoke, ca-alginate-chitosan: calcium-alginate with a chitosan layer; ca-alginate-chitosan, liquid smoke: calcium-alginate with a chitosan layer and liquid smoke shows the gradual syneresis of samples over time, showing a statistically significant increase of values over time for each treatment, reaching syneresis values at 72 h near of 8 % and 13 % for samples whit and without chitosan, respectively. The high values of syneresis can be attributed to a relative excess of calcium ions (0.05 M) in the gel formation step, tending to give gels with external gelation (Helgerud et al. 2010 ). On the other hand, Fig. 1a shows a significant reduction in syneresis of the samples by incorporating an additional layer of chitosan, could be associated to a reinforcement of the bead structure; the chitosan could bind to free alginate sites by cooperative ionic bounds. Figure 1b shows the weight loss over time at refrigeration temperature, observing a reduced weight loss (minor of 3 % at 72 h in all samples), indicates that low temperature stabilizes the hydrogel in samples with, and without chitosan, disappearing syneresis. This behavior could be attributed to the temperature directly influences the rheological properties of materials, in particular experiencing a gradual molecular rearrangement and increasing the strength of calcium alginate gels when subjected to prolong cooling treatments (Papageorgiou et al. 1994 ).
Aromatic profiles of the samples Figure 2 shows the chromatograms of volatile compound identified form headspace of capsules with liquid smoke. Table 1 lists the compounds identified, 66 in total, of which 59 were identified from the samples with chitosan (see Fig. 2a ) and 60 from the samples without chitosan (see Fig. 2b ). Among the substances identified, compounds arising from liquid smoke and specifically from the thermal degradation of the three main classes of wood components, i.e. carbonyls, furans and pyrans derivatives, as well as some compounds that could mainly arise from cellulose and hemicellulose pyrolysis (Guillén et al. 1995) . Among these volatile compounds, phenols derivatives such as eugenol, guaiacol (in this case pethylguaiacol), cresol and dimethyl-phenol (see Table 1 ) can be considered sensory descriptors to contribute to the specific flavor of smoke (according to the review by (Simon et al. 2005) ).
On the other hand, Fig. 2 show greater abundance (TIC) of volatile compounds in the samples without chitosan, showing a greater total area than samples with chitosan (see Table 1 ), which could be attributed to the chitosan can decrease the permeability of the capsules by crosslinking with the calcium alginate gel. Furthermore, it is confirmed that the temperature applied (30°C for 1 h) was sufficient for the release of volatile compounds from samples, some of which have been recognized as responsible for smoke flavor. Relative to the effect of temperature, Serp et al. (2002) , Manojlovic et al. (2008) and Yeh et al. (2011) clearly demonstrated that calcium alginate capsules change their physical properties and in particular significantly increase their permeability, which can explains the release of volatile compounds in the present study. In particular, one can consider that the model by Yeh et al. (2011) can explain the diffusion of volatile compounds from the beads with liquid smoke, where a volatile liquid compound first evaporates inside the capsule and as vapor diffuses outside. Fig. 2 Chromatogram obtained by SPME-GC-MS after fibre CAR/PDMS exposition for 1 h at 30°C in the headspace of caalginate beads with liquid smoke beads without (a) and with (b) a chitosan layer. The numbers represent compounds identified and listed in Table 1 . SPME-GC-MS: Solid Phase Microextraction-Gas Chromatograph-Mass Selective CAR/PDMS: Carboxen/ Polydimethylsiloxane 
Conclusions
Capsules of ca-alginate and ca-alginate-chitosan whit liquid smoke showed a high load capacity (over 96 %). However, the beads exhibit high values of syneresis at room temperature after 72 h, syneresis that is reduced in samples than have the additional layer of chitosan (8 % versus 13 % in samples with and without chitosan, respectively). A factor that allows to stabilize the hydrogel of beads is refrigerated storage (4°C), allowing the samples loss weight less than 3 % after 72 h. On the other hand, it is confirmed that the temperature applied was sufficient for the release of volatile compounds from samples, and the chromatograms show greater abundance (TIC) of volatile compounds in the samples without chitosan, showing a greater total area than samples with chitosan, which could be attributed to the chitosan can decrease the permeability of the capsules by crosslinking with the calcium alginate gel. Among these volatile compounds, phenols derivatives such as eugenol, pethylguaiacol, cresol and dimethyl-phenol can be considered sensory descriptors to contribute to the specific flavor of smoke. In summary, the dripping method is highly efficient to encapsulate liquid smoke and the beads diffuse volatile compounds with sensory impact on the flavor of smoke, although it is necessary to minimize syneresis at room temperature through a better balance calcium/alginate or considered refrigerated storage to increase the stability of the beads.
